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The MAILING DATE of this communication appears on the cover sheet with the correspondence address ■ 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). tn no event, however, may a reply be timely filed 
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- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 
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earned patent term adjustment. See 37 CFR 1.704(b). 
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DETAILED ACTION 
Continued Examination Under 37 CFR 1 1 14 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on July 22, 
2003 has been entered. 
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Comments 

2. The rejection of claims 10-13 and 27 under 35 U.S.C. § 112, 1 st paragraph, has 
been withdrawn in light of Applicant's response, including the declaration of Dr. 
Anderson, who defined the level of one of ordinary skill in the art as one having a high 
degree of education and experience in the art. 

3. The rejection of claims 2, 3, 4, 7-9, 21, 22, 24 and 35 under 35 U.S.C. § 112, 2 nd 
paragraph, has been withdrawn in light of Applicant's response. 

4. The rejection of claims 1-5, 7, 16 and 17 under 35 U.S.C. § 102 over Rohr et al. 
("STRAIN-BALANCED lno.62Gao.38As/lno.47Gao.53As (InP) QUANTUM WELL CELL FOR 
THERMOPHOTOVOLTAICS", Conference Record of the 28 th IEEE Photovoltaic 
Specialists Conference) has been overcome by Applicant's declaration filed July 22, 
2003, which establishes the date of invention before the publishing date of Rohr et al. 

5. The rejection of claims 1-6 and 12-14 under 35 U.S.C. § 102 over Ekins-Daukes 
et al. ("STRAINED AND STRAIN-BALANCED QUANTUM WELL DEVICES FOR HIGH- 
EFFICIENCY TANDEM SOLAR CELLS", Solar Energy Materials & Solar Cells) has 
been overcome by Applicant's declaration filed July 22, 2003, which establishes the 
date of the invention before the publishing date of Ekins-Daukes et al. 

Claim Rejections - 35 USC § 102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
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A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

7. Claims 1-6, 12, 13, 42 and 43 are rejected under 35 U.S.C. 102(b) as being 
clearly anticipated by Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs 
QUANTUM WELL SOLAR CELLS", Applied Physics Letters). 

Ekins-Daukes et al. disclose a solar cell having strain-balanced quantum wells, 
wherein the quantum wells contain alternating compressively strained InGaAs quantum 
wells and tensile strained GaAsP barriers, and "the dimensions were chosen to ensure 
the average lattice parameter across the / region <a> was equal to that of [the GaAs 
substrate]", i.e., the strain over each period is zero (p. 4195). Specifically, Ekins- 
Daukes et al. teach, "The / region was designed as a 20 period cyclic half- 
barrier/QW/half-barrier structure; each half barrier composed of GaAsP alloy, providing 
half the strain compensation for the InGaAs QW" (see page 4195). Since the strain is 
zero over each period, each period exhibits zero shear force on neighboring structures, 
which includes a further period or the substrate. Ekins-Daukes et al. disclose that the 
average strain is a "negligible quantity" (p. 4195). 

Regarding claim 3, the recitation of the lattice constant of the substrate and the 
quantum wells inherently describes a crystalline device. A lattice constant is a measure 
of the distance between adjacent atoms in a regularly spaced arrangement, or crystal 
structure. 

Regarding claims 4 and 5, since the quantum well (or barrier) is made of a 
material having a specific lattice constant, any quantum well (or barrier) having the 
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same lattice constant as the substrate would necessarily be made of a different 
material. Since the comparison material is not defined, the material can be chosen from 
an infinite number of material compositions having an equal lattice constant and 
differing bandgap. 

Regarding claim 6, a period of one quantum well and one barrier layer contains 
four elements: In, Ga, As and P. 

Regarding claims 12 and 13, Ekins-Daukes et al. disclose the use of a GaAs 
substrate and InGaAs quantum well layers. 

Regarding claims 42 and 43, the quantum wells are compressive strained and 
the barrier layers are tensile strained (see col. 1 on p. 4195). 

Since Ekins-Daukes et al. clearly teach the limitations recited in the instant 
claims, the reference is deemed to be anticipatory. 

Claim Rejections - 35 USC § 103 

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

9. Claims 7-11, 14 and 15 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs 
QUANTUM WELL SOLAR CELLS", Applied Physics Letters) in view of Freundlich et al. 
(U.S. Pat. No. 5,851,310). 
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Ekins-Daukes et al. disclose a solar cell having the limitations recited in claims 1- 
6, 12, 13, 42 and 43 of the instant invention, as explained above in section 7. 

The device of Ekins-Daukes et al. differs from the instant invention because 
Ekins-Daukes et al. do not disclose the following: 

a. The substrate is InP and the compressively strained layer is ln x Gai- x As, 
where x>0.53, as recited in claim 7; 

b. The substrate is InP and the tensile strained layer is ln x Gai- x Asi-yPy, 
where y>1 , as recited in claim 8; 

c. The tensile layer is GalnP, as recited in claim 9; 

d. The substrate is InP and the quantum well is formed of layers of Al x Gai_ 
x As y Sbi-y, as recited in claim 10; 

e. The substrate is GaSb and the quantum well is formed of layers of ln x Gai_ 
x As y Sbi-y, as recited in claim 11; 

f. The quantum well portion is formed on a virtual substrate having a virtual 
substrate lattice constant different from the lattice constant of the 
substrate, as recited in claim 14; and 

g. The virtual substrate is lnPi. y As y , where 0<y<1 , and the substrate is InP, 
as recited in claim 15. 

Regarding claims 7-10 and 15, Freundlich et al. disclose a solar cell having an 
MQW with an InP substrate (fig. 1). The solar cells use InP because it has a high 
efficiency (col. 2, lines 30-41). 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use an InP 
substrate as taught by Freundlich et al. because InP cells have a high efficiency. 

Regarding claims 7-11, Freundlich et al. disclose that materials usable for 
fabricating the solar cells include InGaAs and "all alloys of indium gallium arsenide with 
the addition of iso-valent elements such as phosphorous, aluminum, and antimony in 
concentrations such that the lattice mismatch is less than 0.3 per cent compared to 
lno.53Gao.47As" (col. 5, lines 26-39). Freundlich et al. further disclose a specific example 
using ln x Gai. x As, where 0.48<x<0.55 (col. 5, line 52). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use materials 
having the compositions taught by Freundlich et al. because Freundlich et al. teach that 
"these alloys have somewhat different energy bandgaps, which may be desirable in 
some applications" (col. 5, lines 32-33). 

Regarding claim 11, Freundlich et al. disclose that "indium phosphide or other 
suitable materials well-known in the art may be used as a substrate" (col. 3, lines 58- 
59). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use other 
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materials to form the substrate as taught by Freundlich et al. because different 
substrates can provide different desired properties. 

Regarding claim 14, Freundlich et al. disclose the use of buffer layers (virtual 
substrates) "to accommodate crystal lattice-matching requirements between the 
sublayer and the top layer of the substrate" (col. 3, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use a virtual 
substrate as taught by Freundlich et al. because a virtual substrate helps 
"accommodate crystal lattice-matching requirements" between the different layers (col. 
3, lines 58-62). 

Regarding claim 15, Freundlich et al. disclose the use of alloys contained within 
the indium gallium arsenide series including phosphorous-containing alloys such as 
InAsP (col. 5, lines 26-39). The buffer layers are chosen to "accommodate crystal 
lattice-matching requirements" (col. 3, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use a virtual 
substrate of InPAs because Freundlich et al. teach that the solar cell can be made of 
many different alloys depending on the desired bandgaps and the buffer layer should 
"accommodate crystal lattice-matching requirements", which would be accomplished by 
the choice of materials with similar properties. 
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10. Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs QUANTUM WELL 
SOLAR CELLS", Applied Physics Letters) in view of Freundlich et al. (U.S. Pat. No. 
6,150,604). 

Ekins-Daukes et al. disclose a solar cell having the limitations recited in claims 1- 
6, 12, 13, 42 and 43 of the instant invention, as explained above in section 7. 

The device of Ekins-Daukes et al. differs from the instant invention because 
Ekins-Daukes et al. do not disclose that the device is a thermophotovoltaic device and 
that the quantum wells have a bandgap equal to or less than 0.73 eV. 

Freundlich et al. disclose a MQW thermophotovoltaic solar cell having a bandgap 
of 0:49-0.74 eV (Table III). The narrow bandgap quantum wells "allows for more 
efficient conversion of the IR emission emanating from a black body or selective emitter 
over a wider range of wavelengths than a conventional single junction cell and 
decreases transparency losses of the conventional cell" (col. 2, lines 40-45). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use narrow 
bandgap quantum wells as taught by Freundlich et al. because narrow bandgap 
quantum wells "allows for more efficient conversion of the IR emission" (col. 2, lines 40- 
45). 
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11. Claims 18, 23 and 25-27 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Freundlich et al. (U.S. Pat. No. 5,851,310). 

Freundlich et al. disclose the use of buffer layers (virtual substrates) "to 
accommodate crystal lattice-matching requirements between the sublayer and the top 
layer of the substrate" in MQW solar cells (col. 3, lines 58-62). Freundlich et al. also 
disclose the use of alloys contained within the indium gallium arsenide series, including 
phosphorous, aluminum and antimony alloys (col. 5, lines 26-39). The photovoltaic cell 
is formed on an InP substrate (fig. 1). Freundlich et al. further disclose that the 
alternating layers in the quantum well portion "are alternately in tensile and compressive 
strain... [to] reduce the overall strain magnitude in the heterostructure" (col. 7, lines 47- 
52). 

Regarding claims 23, 25 and 26, the solar cell is formed on an InP substrate and 
the quantum well portion comprises four elements: In, Ga, As and P (col. 7, lines 54- 
55). The lattice constant of each period is the same as the adjacent periods (see Table 
I). In the embodiment comprising an InAsP/lnGaP quantum well system, the InGaP is 
the tensile strained layer (col. 7, lines 54-55). 

Regarding claim 27, Freundlich et al. also disclose the use of GaAsSb in the 
formation of the solar cell (col. 5, lines 26-39). 

The device of Freundlich et al. differs from the instant invention because 
Freundlich et al. do not disclose the use of an InAsP virtual substrate. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. to use a virtual 
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substrate of InPAs because Freundlich et al. teach that the solar cell can be made of 
many different alloys depending on the desired bandgaps and the buffer layer should 
"accommodate crystal lattice-matching requirements", which would b accomplished by 
the choice of materials with similar properties. 

12. Claims 19-22 and 24 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Freundlich et al. (U.S. Pat. No. 5,851,310), as applied to claims 18, 21-23 and 25- 
27, and further in view of Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs 
QUANTUM WELL SOLAR CELLS", Applied Physics Letters). 

Freundlich et al. disclose a solar cell having the limitations recited in claims 18, 
23 and 25-27 of the instant invention, as explained above in section 1 1 . Freundlich et 
al. further disclose that the alternating layers in the quantum well portion "are alternately 
in tensile and compressive strain... [to] reduce the overall strain magnitude in the 
heterostructure" (col. 7, lines 47-52). Regarding claims 21 and 22, since the quantum 
well (or barrier) is made of a material having a specific lattice constant, any quantum 
well (or barrier) having the same lattice constant as the substrate would necessarily be 
made of a different material. Since the comparison material is not defined, the material 
can be chosen from an infinite number of material compositions having an equal lattice 
constant and differing bandgap. 

The device of Freundlich et al. differs from the instant invention because 
Freundlich et al. do not disclose the following: 
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a. A period comprising a quantum well layer and a barrier layer exerts no 
shear stress on a neighboring structure, as recited in claim 19; 

b. The neighboring structure is a further period, a layer of arbitrary doping, or 
the virtual substrate, as recited in claim 20; and 

c. The compressively strained layer is InGaAs having a larger percentage of 
indium than the InGaAs composition having the same lattice constant as 
the virtual substrate, as recited in claim 24. 

Regarding claims 19 and 20, Ekins-Daukes et al. teach strain-balancing the 
quantum well layers and the barrier layers in the solar cells so that no strain exists 
between the layers (p. 4195). This approach allows more quantum wells to be 
incorporated in the solar cell without causing strain relaxation (p. 4195). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. to strain-balance 
the quantum well portion as taught by Ekins-Daukes et al. because balancing the strain 
within the quantum well portion allows more quantum wells to be used, thus increasing 
the efficiency of the solar cell. 

Regarding claim 24, Ekins-Daukes et al. disclose the use of compressively 
strained InGaAs layers (p. 4195). Since the layer is compressively strained, the lattice 
constant is greater than the other layers including the virtual substrate. A layer of 
InGaAs with a lattice constant the same as the virtual substrate would have a lower 
concentration of indium. 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. to use 
compressively strained InGaAs layers as taught by Ekins-Daukes et al. because 
InGaAs quantum wells have been shown by Ekins-Daukes et al. to increase the 
conversion efficiency of conventional solar cells. 

13. Claims 31-33 and 36-41 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Freundlich et al. (U.S. Pat. No. 5,851,310), as applied to claims 18, 
23 and 25-27, and further in view of Freundlich et al. (U.S. Pat. No. 6,150,604). 

In US '310, Freundlich et al. disclose a solar cell having the limitations recited in 
claims 18, 23 and 25-27 of the instant invention, as explained above in section 11. 

The device of Freundlich et al. (US '310) differs from the instant invention 
because Freundlich et al. do not disclose the following: 

a. The device is a thermophotovoltaic device, as recited in claims 31 and 40; 

b. The quantum wells have a bandgap of 0.73 eV or less, as recited in claims 
32 and 41; 

c. The quantum well is comprised of alternating layers of ln x Gai. x As, where 
x>0.53, and barrier layers of Ga y lni_ y P, where y>0, as recited in claim 33; 
and 

d. The virtual substrate is InPAs, as recited in claim 39. 

Regarding claims 31, 32, 40 and 41, Freundlich et al. (US '604) disclose a MQW 
thermophotovoltaic solar cell having a bandgap of 0.49-0.74 eV (Table III). The narrow 
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bandgap quantum wells "allows for more efficient conversion of the IR emission 
emanating from a black body or selective emitter over a wider range of wavelengths 
than a conventional single junction cell and decreases transparency losses of the 
conventional cell" (col. 2, lines 40-45). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. (US '310) to use 
narrow bandgap quantum wells as taught by Freundlich et al. (US '604) because narrow 
bandgap quantum wells "allows for more efficient conversion of the IR emission" (col. 2, 
lines 40-45). 

Regarding claim 33, Freundlich et al. (US '310) disclose the use of alloys 
contained within the indium gallium arsenide series, including phosphorous, aluminum 
and antimony alloys (col. 5, lines 26-39). The photovoltaic cell is formed on an InP 
substrate (fig. 1). In one embodiment, Freundlich et al. disclose an InAsP/lnGaP 
quantum well system, the InGaP is the tensile strained layer (col. 7, lines 54-55). 

Freundlich et al. (US '604) disclose the use of InGaAs wells under compressive 
strain, with a specific example of wells comprising lno.9Gao.1As (col. 5, line 9). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. (US '310) to use a 
compressively strained InGaAs layer having a high indium concentration as taught by 
Freundlich et al. (US '604) because an InGaAs layer with a high indium concentration 
has a narrower bandgap, which increases the absorption of the IR regions. 
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Regarding claim 39, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the device of Freundlich et 
al. to use a virtual substrate of InPAs because Freundlich et al. teach that the solar cell 
can be made of many different alloys depending on the desired bandgaps and the 
buffer layer should "accommodate crystal lattice-matching requirements", which would b 
accomplished by the choice of materials with similar properties. 

14. Claims 34 and 35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Freundlich etal. (U.S. Pat. No. 5,851,310) in view of Freundlich etal. (U.S. Pat. 
No. 6,150,604), as applied above to claims 31-33 and 36-41, and further in view of 
Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs QUANTUM WELL SOLAR 
CELLS", Applied Physics Letters). 

Freundlich et al. (US '310 and US '604) disclose a solar cell having the limitations 
recited in claims 31-33 and 36-41 of the instant invention, as explained above in section 
13. 

The device described by US '310 and US '604 differs from the instant invention 
because they do not disclose that a period of one tensile strained layer and one 
compressively strained layer exerts no shear force on a neighboring structure. 

Ekins-Daukes et al. teach strain-balancing the quantum well layers and the 
barrier layers in the solar cells so that no strain exists between the layers (p. 4195). 
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This approach allows more quantum wells to be incorporated in the solar cell without 
causing strain relaxation (p. 4195). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Freundlich et al. (US '310 and US 
'604) to strain-balance the quantum well portion as taught by Ekins-Daukes et al. 
because balancing the strain within the quantum well portion allows more quantum 
wells to be used, thus increasing the efficiency of the solar cell. 

15. Claims 44-47, 53 and 54 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs 
QUANTUM WELL SOLAR CELLS", Applied Physics Letters). 

Ekins-Daukes et al. disclose a solar cell having strain-balanced quantum wells, 
wherein the quantum wells contain alternating compressively strained InGaAs quantum 
wells and tensile strained GaAsP barriers, and "the dimensions were chosen to ensure 
the average lattice parameter across the / region <a> was equal to that of [the GaAs 
substrate]", i.e., the strain over each period is zero (p. 4195). Specifically, Ekins- 
Daukes et al. teach, "The / region was designed as a 20 period cyclic half- 
barrier/QW/half-barrier structure; each half barrier composed of GaAsP alloy, providing 
half the strain compensation for the InGaAs QW" (see page 4195). Since the strain is 
zero over each period, each period exhibits zero shear force on neighboring structures, 
which includes a further period or the substrate. Ekins-Daukes et al. disclose that the 
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average strain is a "negligible quantity" (p. 4195). The strain across one period is a 
function of the thickness and the material properties of each layer (p. 4195). 

Regarding claims 45 and 46, since the quantum well (or barrier) is made of a 
material having a specific lattice constant, any quantum well (or barrier) having the 
same lattice constant as the substrate would necessarily be made of a different 
material. Since the comparison material is not defined, the material can be chosen from 
an infinite number of material compositions having an equal lattice constant and 
differing bandgap. 

Regarding claim 47, a period of one quantum well and one barrier layer contains 
four elements: In, Ga, As and P. 

Regarding claims 53 and 54, Ekins-Daukes et al. disclose the use of a GaAs 
substrate and InGaAs quantum well layers. 

The photovoltaic device of Ekins-Daukes et al. differs from the instant invention 
because Ekins-Daukes et al. do not disclose equations recited in the claims, especially 
in regard to the elastic stiffness coefficient, as recited in claim 44. 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have made the photovoltaic device substantially meeting the 
conditions defined by the equations recited in the instant claims because one of 
ordinary skill in the art would have recognized that the elastic stiffness coefficient 
influences the strain within the layers and therefore would have been encompassed by 
the teachings of Ekins-Daukes et al., who clearly desire that each barrier compensates 
for the strain of the adjacent quantum well. The person of ordinary skill in the art, who is 
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"a highly skilled and experienced individual" (see page 23 of Applicant's response), 
would recognize the relationship between the different material properties, such as 
lattice constant and elastic stiffness coefficient, and their influences on the strain 
between adjacent layers. As can be seen in the equations recited in the claims and the 
teachings of Ekins-Daukes et al., the final result is the same; each barrier provides the 
strain compensation of the adjacent quantum well. 

16. Claims 48-52, 55 and 56 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs 
QUANTUM WELL SOLAR CELLS", Applied Physics Letters), as applied above to 
claims 44-47, 53 and 54, in view of Freundlich etal. (U.S. Pat. No. 5,851,310). 

Ekins-Daukes et al. teach the limitations recited in claims 44-47, 53 and 54 of the 
instant invention, as explained above in section 15. 

The device of Ekins-Daukes et al. differs from the instant invention because 
Ekins-Daukes et al. do not disclose the following: 

a. The substrate is InP and the compressively strained layer is ln x Gai_ x As, 
where x>0.53, as recited in claim 48; 

b. The substrate is InP and the tensile strained layer is ln x Gai- x Asi- y Py, 
where y>1 , as recited in claim 49; 

c. The tensile layer is GalnP, as recited in claim 50; 

d. The substrate is InP and the quantum well is formed of layers of Al x Gai_ 
x ASySbi- y , as recited in claim 51; 
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e. The substrate is GaSb and the quantum well is formed of layers of ln x Gai_ 
x AsySbi.y, as recited in claim 52; 

f. The quantum well portion is formed on a virtual substrate having a virtual 
substrate lattice constant different from the lattice constant of the 
substrate, as recited in claim 55; and 

g. The virtual substrate is InP^yASy, where 0<y<1, and the substrate js InP, 
as recited in claim 56. 

Regarding claims 48-51 and 56, Freundlich et al. disclose a solar cell having an 
MOW with an InP substrate (fig. 1). The solar cells use InP because it has a high 
efficiency (col. 2, lines 30-41). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use an InP 
substrate as taught by Freundlich et al. because InP cells have a high efficiency. 

Regarding claims 48-52, Freundlich et al. disclose that materials usable for 
fabricating the solar cells include InGaAs and "all alloys of indium gallium arsenide with 
the addition of iso-valent elements such as phosphorous, aluminum, and antimony in 
concentrations such that the lattice mismatch is less than 0.3 per cent compared to 
lno.53Gao.47As" (col. 5, lines 26-39). Freundlich et al. further disclose a specific example 
using ln x Gai. x As, where 0.48<x<0.55 (col. 5, line 52). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use materials 
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having the compositions taught by Freundlich et al. because Freundlich et al. teach that 
"these alloys have somewhat different energy bandgaps, which may be desirable in 
some applications" (col. 5, lines 32-33). 

Regarding claim 48, Freundlich et al. disclose that "indium phosphide or other 
suitable materials well-known in the art may be used as a substrate" (col. 3, lines 58- 
59). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use other 
materials to form the substrate as taught by Freundlich et al. because different 
substrates can provide different desired properties. 

Regarding claim 55, Freundlich et al. disclose the use of buffer layers (virtual 
substrates) "to accommodate crystal lattice-matching requirements between the 
sublayer and the top layer of the substrate" (col. 3, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use a virtual 
substrate as taught by Freundlich et al. because a virtual substrate helps 
"accommodate crystal lattice-matching requirements" between the different layers (col. 
3, lines 58-62). 
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Regarding claim 56, Freundlich et al. disclose the use of alloys contained within 
the indium gallium arsenide series including phosphorous-containing alloys such as 
InAsP (col. 5, lines 26-39). The buffer layers are chosen to "accommodate crystal 
lattice-matching requirements" (col. 3, lines 58-62). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use a virtual 
substrate of InPAs because Freundlich et al. teach that the solar cell can be made of 
many different alloys depending on the desired bandgaps and the buffer layer should 
"accommodate crystal lattice-matching requirements", which would be accomplished by 
the choice of materials with similar properties. 

17. Claims 57 and 58 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Ekins-Daukes et al. ("STRAIN-BALANCED GaAsP/lnGaAs QUANTUM WELL 
SOLAR CELLS", Applied Physics Letters), as applied above to claims 44-47, 53 and 54, 
in view of Freundlich et al. (U.S. Pat. No. 6,150,604). 

Ekins-Daukes et al. teach the limitations recited in claims 44-47, 53 and 54 of the 
instant invention, as explained above in section 15. 

The device of Ekins-Daukes et al. differs from the instant invention because 
Ekins-Daukes et al. do not disclose that the device is a thermophotovoltaic device and 
that the quantum wells have a bandgap equal to or less than 0.73 eV. 

Freundlich et al. disclose a MQW thermophotovoltaic solar cell having a bandgap 
of 0.49-0.74 eV (Table III). The narrow bandgap quantum wells "allows for more 
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efficient conversion of the IR emission emanating from a black body or selective emitter 
over a wider range of wavelengths than a conventional single junction cell and 
decreases transparency losses of the conventional cell" (col. 2, lines 40-45). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the device of Ekins-Daukes et al. to use narrow 
bandgap quantum wells as taught by Freundlich et al. because narrow bandgap 
quantum wells "allows for more efficient conversion of the IR emission" (col. 2, lines 40- 
45). 

Response to Arguments 

18. Applicants arguments filed July 22, 2003 have been fully considered but they are 
not persuasive. 

19. Regarding the rejection of the claims, Applicant argues, "Ekins-Daukes I teaches 
the desirability of having 'compositions such that a period of one tensile strained layer 
and one compressively strained layer exerts substantially no shear force on a 
neighboring structure' but does not teach a method of achieving this desired result" (see 
page 24 of Applicant's response). Furthermore, Applicant argues, "As stated in 
paragraph 12 of the Rule 32 Declaration, Dr. Anderson testifies that the methods taught 
in Ekins-Daukes I are 'insufficiently exact to ensure periods which exert 'substantially no 
shear force on a neighboring structure'" (see page 24 of Applicant's response). 

20. These arguments are not persuasive for several reasons. First, Applicant is not 
claiming a method for making a photovoltaic device, they are claiming the photovoltaic 
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device. Second, Ekins-Daukes clearly teaches, "The / region was designed as a 20 
period cyclic half-barrier/QW/half-barrier structure; each half barrier composed of 
GaAsP alloy, providing half the strain compensation for the InGaAs QW" (see page 
4195). Since the strain is zero over each period, each period exhibits substantially zero 
shear force on its neighboring structures. It is also noted that, although the methods 
used by Ekins-Daukes et al. may be "insufficiently exact", the device disclosed by Ekins- 
Daukes et al. is capable of producing MQW photovoltaic devices that exert a "negligible 
quantity" of strain, which fully satisfies the limitation wherein a period of one tensile 
strained layer and one compressively strained layer exert "substantially no shear force 
on a neighboring structure", as recited, for example, in claim 1. 

21. Applicant's arguments regarding the other rejections are based on he argument 
that Ekins-Daukes et al. do not teach a compressive strained layer and a tensile 
strained layer exerting substantially no shear force on one another. 

Conclusion 

22. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Brian L. Mutschler whose telephone number is (703) 
305-0180. The examiner can normally be reached on Monday-Friday from 8:00am to 
4:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on (703) 308-3322. The fax phone number 
for the organization where this application or proceeding is assigned is (703) 872-9306. 
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Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 308- 
0661. 
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